The maintenance of diversity in the gut microbiota is a signature of host health. Yet how strain variation emerges and changes over time in this ecosystem is poorly understood.
Remarkably, we uncovered the rapid emergence of several mutations in the galactiol operon ( Fig. 2a-b , see also Table S1 ), particularly in the previously pseudogenized gatC (Fig. 2c) . These mutations restored the open reading frame of gatC suggesting that an unexpected re-gain of function could have evolved. Thus we tested hundreds of evolved clones from these populations for ability to metabolize galactitol and found that the new mutations in gatC, spreading through the populations (Fig. 2a-b) , were indeed gain of function mutations. In face of our previous findings (5) , where gat-positive E. coli evolved a gat-negative phenotype that reached more than 99% frequency in half of the mice after 24 days of colonization (Fig. 3a) , the re-emergence of the gat-positive phenotype was completely unexpected. Indeed we had assumed that the gat-negative phenotype would eventually fix in all populations and therefore started a second colonization with a single adaptive gat-negative mutant. This design, mimicking a strong bottleneck or transmission event, serendipitously revealed that evolution could reverse.
To query about the extent to which the two populations studied reflect a typical outcome for reversion (14) , we tested large samples of clones from all the evolved populations for a gat-positive phenotype. We found that phenotypic reversion was highly probable, as in 80% of the 15 independently colonized mice the bacteria re-gained the ability to consume galactitol, with this phenotype reaching a detectable frequency of at least 0.3% and up to 77% in the evolving populations (Fig. 3b) .
In sum, under a transmission event involving a single clone, re-acquisition of polymorphism at the gat locus constituted a highly predictable adaptive event.
Interestingly, the power of selection on this re-gain of function is clear in population 2.14 ( Fig. 2a) , where an allele (involving a 1bp deletion, the only mutation detected by WGS as indicated in Table S1 ) emerges in this population at day 11, on the YFP background, but will then compete with a CFP clone which acquired another mutation causing the same phenotype. Thus the emergence of a gat-positive phenotype in both fluorescent backgrounds within the same evolving population (Fig. 2a) and the parallelism across independent replicate populations ( Fig. 3b ) strongly supports the adaptive nature of the regain of function in this ecosystem (15) . To provide further evidence for selection acting on mutations conferring the gat-positive phenotype, in contrast to being hitchhiker alleles, we sequenced two gat-positive clones. The sequencing of the two clones (isolated from population 2.15 at day 6) revealed that a single mutation had occurred in each clone: a back mutation ("rev allele" in Fig. 2c ) and a compensatory mutation ("comp3 allele" in Fig. 2c ).
These results suggest that the gat-positive phenotype is intrinsically beneficial. Moreover, the rare event of gain of function through back-mutation could even be observed in one of the assayed populations (2.15, Fig. 2b-c) , supporting the conclusion that the ancestral gene can invade a population where loss of function at this locus had previously evolved. Such an event is particularly important since it erases the signature of the strong past selection that had occurred.
To understand to what extent selection in this ecosystem can overwhelm genetic drift, due to extreme population bottlenecks, in driving the emergence of intra-species diversity at this locus, we performed a third colonization. This was initiated with an evolved gat-positive clone (isolated from population 2.14 - Fig. 2a ), which carries two additional mutations in the gatC gene (see Materials and Methods). In all 6 colonized mice, emergence of the gat-negative phenotype, consistent with inactivation of the gat operon, was seen (Fig. 3c) . In this new genetic background the emergence of polymorphism at detectable frequencies occurred slightly later than in the first colonization: the median time for gat-negative phenotype to reach 5% frequency was 7 days (6.25-7.75, Interquartile range), whereas for the first colonization it was 3 days (2-4, Interquartile range, MannWhitney-Wilcoxon Test, W=1.5, P=0.0006).
The three colonizations together (Fig. 3a-c) suggest a model of cycling evolution, whereby bacterial populations can loose genetic diversity due to intense drift, associated with transmission/ migration events, but can readily restore polymorphism at this locus due to high mutation rate (gat-positive to gat-negative 1.0 x 10 -5 (95% CI, [6.7 x 10 -6 , 4.0 x 10 -4 ]) (7) and gat-negative to gat-positive 9.7 x 10 -9 (95% CI, [3 x 10 -9 , 1.9 x 10 -8 ]) per generation (see Materials and Methods)) and strong selection in this ecosystem.
Competition for limiting resources is a mechanism likely to be important in the gut microbial ecosystem (16) . Such a mechanism can lead to strong selection for evolving polymorphisms (17) . We hypothesized that galactitol could be a key limiting resource for E. coli in the mouse gut and explored the conditions under which a simple resource competition model (18, 19) could explain the invasions observed in the independent colonizations of Fig. 3a -c (see Materials and Methods and Fig. S1 ). In this simple model we assume that the gat-negative and the gat-positive clones consume two different resources. Given that the gat-positive strain constitutively expresses the gat operon (it carries an IS1 insertion in the operon repressor, gatR), we further make the simplifying assumption that this strain only consumes one of the resources (galactitol). This simple theoretical model can produce dynamics of emergence of polymorphisms very similar to the observed. The model further predicts that supplementation of the mouse diet with galactitol should lead to an increase in frequency of gat-positive clones (Fig. S1.) . To test this prediction we colonized new mice with a co-culture of gat-positive and gat-negative bacteria (at a ratio 1 to 10) while supplementing the mice diet with different concentrations of galactitol. As predicted by the model, the frequency of gat-positive bacteria increased in mice drinking water with galactitol (χ 2 2 =35.8, p<0.001), and more so when the concentration of galactitol was higher (Fig. 3d , also compare with Fig. S1b) . The model also predicts that a gat-positive specialist may be able to invade a resident population of clones that are not specialized at consuming galactitol (see Fig. S2 ). To query if this in silico prediction would be met in vivo, we reconstructed a strain with a functional repressor of the galactitol operon (i.e. we restored regulation replacing the pseudogene gatR by the wild type version) and followed its evolution when colonizing the mouse gut for 19 days (n=6). As predicted by the model, and consistent with previous in vitro experiments of adaptation to limiting nutrient concentrations (20) (21) (22) , we observed the emergence of gatconstitutive bacteria in all mice (Fig. 3e) . Targeted PCR of the evolved clones showed that the phenotype can be caused by de novo IS insertions in the coding region of gatR. This experiment thus shows that the ancestral clone, which started the first colonization ( Fig.   3a) , can be selected for in the mouse gut, when the mouse is colonized with a strain carrying a functional repressor of the galactitol operon.
Overall the colonization experiments ( Fig. 3) imply that irrespectively of the founder clone being constitutive or regulated, in the long run gat-negative and gat-positive polymorphism is likely to emerge and be maintained in the gut. They also indicate that the selective pressure to evolve clones that specialize on this limiting resource is very high in this environment.
The theoretical model suggests that the equilibrium ratio of gat-positive to gatnegative is dependent on the relative abundance of galactitol to other undefined resources (see Materials and Methods) and that the abundance of these two phenotypes can vary independently as these consume different resources. Interestingly, in the galactitol supplementation experiment (Fig. 3d) Fig. S3 ). Conversely, in the colonization experiment ( Fig. 3b) it is the abundance of gat-negative bacteria that varies across mice, while the abundance of gat-positive bacteria remains relatively constant after their emergence (Fig. 4 ). This suggests that there is variation in the concentrations of the unidentified resources that are consumed by the generalist, gat-negative E. coli. This variation could be mediated by the mouse gut microbiota. We thus enquired whether we could observe an association between the loads of gat-negative E. coli and the microbiota community composition in the gut of the colonized mice ( Fig. 4a-b) . Remarkably, we find that while all mice show similar loads of gat-positive E. coli ( Fig. 4a-d The findings reported here suggest that the gut ecology may favor natural polymorphism for galactitol metabolism in its microbiota. To test for this we sampled Enterobacteriacea clones from the natural microbiota of our host model organism (fecal samples of untreated mice in the IGC animal house (n=20)) and from the gut microbiota of healthy humans with no controlled diet (n=9). Remarkably, variation for this trait was found to be segregating both in mice and in man (Table S2 ). In 7 out of 9 human hosts polymorphism for ability to consume galactitol was detected and in 5 hosts the gat-negative phenotype was present at frequencies above 80%. From 20 mice assayed, in one the gatnegative phenotype was present at frequency, in another at low frequency and in the remainder only gat-positive clones were sampled. These results indicate that neither the antibiotic treatment nor the strain background used for the E. coli gut colonization, are the reason underlying the trait polymorphisms found here. Interestingly, in a survey of core genes in E. coli, gatC was found to be a target of repeated replacement substitution driven by positive selection (23).
Overall our results highlight how evolutionary and ecological processes interact to shape the genetic and phenotypic composition of commensal bacteria within a natural ecosystem. At the evolutionary level we find that a strong-mutation-strong-selectionstrong-drift regime of adaptation can lead to the maintenance of polymorphism through frequent episodes of reverse evolution, which defy Dollo's law of evolutionary irreversibility (24, 25) . This regime of adaptation has been poorly studied, at both the theoretical and experimental levels, but maybe important for host-associated microbes as their population dynamics often involves transmission bottlenecks (strong-drift) followed by expansion to large population sizes (strong-mutation-strong-selection). Moreover, our study is pioneer at revealing that phenotypic and genetic reversals may be common in the mammalian intestine. Such scenario may have been difficult to predict, as bacteria could be expected to respond to changing environments by gene regulation and not through de novo mutation, as we shown here. One context where reversion is pivotal regards antibiotic resistance. Reversion of antibiotic resistant bacteria to sensitivity has been more rarely observed than what one would desire (26) . However, since most studies have been done in vitro, it would be important to determine if the rate of reversion of resistance in vivo could be as high as the one we found here for a metabolic trait. At the ecological level, our results indicate that resource specialization may allow new emerging strains to avoid competition with other members of the microbiota (27) , even if to stably colonize the gut at low abundances. Importantly, we could not have reached this conclusion solely from frequency data. Our results thus highlight the importance that absolute abundance data can have to understand ecological interactions among microbes. They further show how precise dietary supplementations may allow for controlling the colonization level of specific strains. In sum, the evolutionary invasion and ecological stability of de novo emerging clones in genetic identical hosts, nurtured in identical conditions, was highly reproducible, despite being accompanied by significant differences in the level of microbiota species richness between hosts.
Materials and Methods

Bacterial Strains and culture conditions
All strains used in this study were derived from MG1655, a K12 commensal strain of Escherichia coli (28) .
Ancestors of the first colonization: the two ancestors of the first colonization ( Fig. 3a) , described in a previous experiment (5), were DM08-YFP and DM09-CFP (MG1655,
Ancestors of the second colonization: strains JB19-YFP and JB18-CFP (MG1655,
were used for the second colonization ( Fig. 3b ) and were previously described in (7). These strains differ from the ancestral MG1655 fluorescent strains DM08-YFP and DM09-CFP by a mutation in the gatC gene (1bp insertion in the coding region), rendering it auxotrophic for galactitol. To construct these strains the ampicillin resistance cassette in the ancestral strains DM08-YFP and DM09-CFP was replaced with a chloramphenicol resistant cassette using the Datsenko and Wanner method (29) . The yellow (yfp) and cyan (cfp) fluorescent genes linked to cm R were then transferred by P1 transduction to a derivative of clone 12YFP (6), an evolved clone of DM08-YFP, isolated after 24 days of adaptation in the gut of WT mice, that carried an insertion of 1bp in gatC and a large duplication. During the genetic manipulations the large duplication was lost, confirmed by whole genome sequencing, leaving this clone with a single mutation in gatC (7) .
Ancestor of the third colonization: the strain used to start the third colonization was isolated from population 2.4 of the second colonization at day 24 post-colonization. This strain (named 19CFP (7) has a 2bp insertion (+TC) in gatC which reconstructed the open reading frame allowing it to recover the ability to consume galactitol (see below details about the phenotype confirmation). Additionally, this strain has the following mutations: an IS2 insertion in the coding region of ykgB and a 6790bp deletion from gene intZ to eutA.
Reconstruction of the transcriptional regulator of the galactitol metabolism (gatR): the gatR coding region is interrupted by an IS element in E. coli MG1655, and therefore in all strains used in this study. This insertion inactivates gatR leading to the constitutive expression of the gat-operon. To restore the function of the gene, and therefore the ability to regulate the operon, a copy of the gatR native sequence (obtained from the strain E. coli HS) was used to replace the non-functional copy. This was accomplished by the SacB-TetA counter selection method as previously described (30)). Briefly, the SacB-TetA fragment with the overhangs for recombination was obtained by target PCR using the primers gatR_SacB_F /gatR_SacB_R (Table S3 ) and genomic DNA of E. coli XTL298 as a template. The resulting PCR product was then used to replace the non-functional copy of gatR present in strains DM08 and DM09 by the Wanner method (29) . The DNA fragment containing the native sequence of gatR was obtained by target PCR using the primers yegS_F / gatD_R and E. coli HS as a template. Finally, this fragment was used to replace the counter selection cassette in the gatR locus of the recipient strains DM08 and DM09 by the Wanner method (29) and plated on double-counter-selective medium. Candidates for successful restoration of gatR were screened by PCR and tested for antibiotic resistances to confirm the loss of the cassette and the plasmid before sequencing.
To distinguish between gat-negative and gat-positive bacteria we used the differential medium MacConkey agar supplemented with galactitol 1% and streptomycin (100µg/mL).
Plates were incubated at 30ºC. The frequency of gat-negative mutants was estimated by counting the number of white (auxotrophic for galactitol) and red colonies.
In vivo Experimental Evolution
In order to study E. coli´s adaptation to the gut we used the classical streptomycintreated mouse model of colonization (31) and performed the evolution experiments using the same conditions as before (5-7). Briefly, 6-to 8-week old C57BL/6 male mice raised in specific pathogen free conditions were given autoclaved drinking water containing streptomycin (5g/L) for one day. After 4 hours of starvation for water and food, the animals were gavaged with 100µL of a suspension of 10 8 colony forming units of a mixture of YFP-and CFP-labelled bacteria (ratio 1:1) grown at 37°C in brain heart infusion medium to OD 600 of 2. After the gavage, all animals were housed separately and both water with streptomycin and food were returned to them. Mice fecal samples were collected for 24 days and diluted in PBS, from which a sample was stored in 15% glycerol at -80ºC and the remaining was plated in Luria Broth agar supplemented with streptomycin (LB plates).
Plates were incubated overnight at 37ºC after which fluorescent colonies were counted using a fluorescent stereoscope (SteREO Lumar, Carl Ziess) to assess the frequencies of CFP-and YFP-labelled bacteria. These fluorescent proteins are used as neutral markers with which we can follow to detect the emergence of beneficial mutations, since these markers hitchhike with the beneficial mutations that spread in the populations (8) .
In vivo competitive assays
To test the in vivo advantage of the evolving populations at the last time point of the evolution experiment (Fig. 1a) Mutations were identified using the BRESEQ pipeline (35) . To detect potential duplication events we used ssaha2 (36) with the paired end information. This is a stringent analysis that maps reads only to their unique match (with less than 3 mismatches) on the reference genome. Sequence coverage along the genome was assessed with a 250 bp window and corrected for GC% composition by normalizing by the mean coverage of regions with the same GC%. We then looked for regions with high differences (>1.4) in coverage. Large deletions were identified based on the absence of coverage. For additional verification of mutations predicted by BRESEQ, we also used the software IGV (version 2.1) (37).
Population analysis: DNA isolation was obtained in the same way as described above for the clone analysis except that now it derived from a mixture of >1000 clones per population grown in LB agar. Two populations, from the evolution experiment, were sequenced: 2.14 and 2.15. Those were sequenced for three time points during the adaptive period (generation 198 (day 11), generation 306 (day 17) and generation 432 (day 24)). The DNA library construction and sequencing was carried out by the IGC genomics facility.
Each sample was pair-end sequenced on an Illumina MiSeq Benchtop Sequencer. Standard procedures produced data sets of Illumina paired-end 250 bp read pairs. The mean coverage per sample was between ~100x and ~300x for population 2.14 and between ~70x and ~115x for population 2.15. Mutations were identified using the BRESEQ pipeline (version 0.26) with the polymorphism option on. The default settings were used except for: a) requirement of a minimum coverage of 3 reads on each strand per polymorphism; b)
eliminating polymorphism predictions occurring in homopolymers of length greater than 3; c) polymorphism predictions with significant (P=0.05) strand or base quality score bias were discarded. Data presented in Table S1 .
Diet supplementation experiment
To test the selective pressure exerted by galactitol, when present in the gut, we performed in vivo competitions between gat-positive (DM08) and gat-negative (JB18) bacteria, while supplementing the diet with this sugar. Competition experiments were performed as described above except that the initial frequency of gat-positive bacteria was ~10% and the drinking water was supplemented with 0%, 0.01% or 0.1% of galactitol (n=3 for each galactitol concentration) together with streptomycin (5g/L). Fecal samples were daily collected and plated to access the frequencies of both phenotypes during four days.
Estimate of gain-of-function mutation rate from gat-negative to gat-positive phenotype Strains JB19 (gatC 1bp Ins) and 4YFP (gatZ IS Ins) were grown overnight in 10 mL of LB at 37ºC with aeration. After growth, the total number of cells in the cultures was measured using BD LSR Fortessa (BD Biosciences) and approximately 1000 cells were used to inoculate 1 mL of LB (10 replicates of each strain) and incubated overnight.
Aliquots of each replicate tube were plated in LB agar and MM agar supplemented galactitol 1% and incubated overnight at 37ºC. The number of spontaneous gat-positive mutants and total number of cells grown on LB were used to estimate the mutation rate using the maximum likelihood approach as implemented in FALCOR (38) .
We measured the mutation rate to re-acquire the ability to consume galactitol, since this locus was previously demonstrated to be a hotspot for loss of function mutations (7) . The fluctuation test revealed that the spontaneous rate at which the ancestor of the second colonization (gat-negative) recovers the ability to consume galactitol is 9.7 x 10 -9 (95% CI,
[3 x 10 -9 , 1.9 x 10 -8 ]) per generation. Considering that the estimated spontaneous rate of small indels in E. coli is ~2x10 -11 (39) , and that about one third of such mutations in a Table S1 .
Microbiota analysis
We extracted DNA from fecal samples of mice from the second colonization (Fig. 3b) QIIME was used to analyze the 16S rRNA sequences through the following steps: i) sample de-multiplexing and quality filtering (using script split_libraries_fastq.py with default settings but with a phred quality threshold of 20); ii) OTU picking by assigning operational taxonomic units at 97% similarity against the Greengenes database (43); using script pick_open_reference_otus.py with default settings). This yielded variable sample coverage, with the lowest-coverage sample having 21735 reads. As the downstream analyses require even sampling, all samples were subsampled to 21735; iii) diversity analysis. The script core_diversity_analysis was used to obtain plots of relative abundance and estimates of alpha diversity (the different metrics shown in Fig. S6 ). As our dataset started with no pre-defined groups (i.e. the different mice did not correspond to particular treatment groups), UPGMA clustering of jackknifed UniFrac (weighted and unweighted) was used to identify microbiota clusters (44) . This was done using the script jackknifed_beta_diversity by re-sampling 100 times at a depth of 16300 reads (75% of maximum read depth, as advised in the QIIME website) in order to obtain node support for each of nodes in the UPGMA tree.
As UPGMA clustering identified two main clusters (Fig. 4) , linear discriminant analysis effect size (LefSe) was then used to identify if there were any taxa that were differentially abundant between the two clusters (45) . The input data for LefSe (Fig. S8) was obtained after filtering the 97% OTUs for those that were present in at least 6 samples (i.e. at least 3 mice) and at a frequency that was above 0.5%, which corresponds to ~100 reads.
Natural fecal isolates collection and phenotyping
Fecal samples were collected from 9 mice of different litters (SPF-B6, strain C57BC-67) and from 9 healthy humans. Samples were weighted and re-suspended in PBS with 15% glycerol before storage at -80°C. To isolate lactose fermenting Enterobacteriaceae (red colonies) appropriate dilutions of the fecal samples were plated on MacConkey plates supplemented with 0.4% lactose and incubated overnight at 37°C. The frequency of gatpositive bacteria among the lactose fermenting Enterobacteriaceae was estimated by replica-plating ~96 isolated clones on M9 minimal medium supplemented with 0,4% galactitol. The M9 agar plates were incubated at 30°C and bacterial growth was scored after 24h, 48h, 72h and 96h. The ability to metabolize galactitol was tested by three independent
trials.
Statistical Analysis
To analyze temporal dynamics data, we used linear mixed models, with mouse as a random effect. Where required, data were transformed to meet assumptions made by parametric statistics. 6 ) and back-mutation (allele rev). Six different alleles were found in pop 2.14 at day 11 (comp1 through 6). After 6 days (day17) only alleles comp1 (~1% frequency) and 2 (~13% frequency) could be detected by WGS; we note however that the frequency of gat-rev phenotype in the same time-point was considerably higher (~50%). This suggests that the polymorphism in the gatC locus estimated by WGS was considerably underestimated in this time-point. On day 24, comp2 was the only allele detected. Days 6 and 11 of pop 2.15
Figures
revealed two different alleles (comp3 and rev). On day 17 and 24 only the rev allele was found. 
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General Model for Resource Competition We make the very simplifying assumption that the gut constitutes a homogenous environment where bacteria compete for resources. We will use the model of competition for resources by Tilman (46) following van Opheusden et al. (19) . We focus on the simplest model where we consider only two consumers and two resources in the mouse gut. The consumers are gat+ and gat-E. coli, whose densities inside the intestine are Ec(t) and En(t). The resources are galactitol and other general resources, whose abundances in the intestine are G(t) and R(t), respectively. We also assume that the system is homogeneous and that both strains of bacteria are removed at a similar rate (d). The rate at which bacteria grow (f) is assumed to solely dependent on the amount of resources available (f (G,R)). We further assume that, in the absence of bacteria, each resource achieves a maximum abundance S G and S R , for galactitol and other resources, respectively; and that the average residence time of either type of resource in the gut is 1/a. Resources are also depleted by each of the consumer strains. Under these assumptions the rate of change of each strain and each resource is:
where q ji are the conversion factors for the resource j used by consumer i.
Under specific assumptions for the values of q ji , this system can be solved (19) such that the abundances of the two strains will tend to:
with the abundances of each resource dependent on the assumptions made for the relative growth rate of the strains, such that:
Model for colonization with gat+ and gat-strains The gat+ strain of E. coli, used in the first colonization, has an IS insertion in the repressor of the galactitol operon (gatR), which leads to the constitutive expression of this operon. Thus one can make the simplifying assumption that gat+ is specialized on galactitol such that its growth is only dependent on G(t); i.e. f c (G,R)= f c (G) . On the other hand the gat-strain, which evolved from the gat+ during the colonization, does not consume galactitol, thus its growth is only dependent on R(t), f n (G,R)= f n (R). Under these assumptions the system simplifies to:
To move forward and calculate the equilibrium abundances of gat+ (E c eq ), gat-(E n eq ) and each of the resources G eq and R eq , we will assume a Michaelis-Menten dynamic for growth such that ( ) = + and that ( ) = + , where Gmc and Rmn are constants. We then can deduce the equilibrium abundances of bacteria and resources to be:
This simplified model implies that when S G increases, for example by supplementing the diet with galactitol, the loads of gat+ as well as the frequency of gat+ relative to gat-(which does not use this resource) should increase. Fig. S1a shows an example of the temporal dynamics for gat+ and gat-frequencies under this model. In Fig. S1b we show the prediction for the frequency of the strains under diet supplementation with increasing concentrations of galactitol.
Model for colonization with non-constitutive gat+ strain
We next asked whether a gat+ specialized strain, constitutively expressing the galactitol operon (E c (t)), could invade a generalist which can consume both galactitol and the other resources. f p (G,R) is the growth function of such generalist, whose abundance is E p (t). If we assume that:
so that E p uses both resources, then we have:
which leads to the expected abundances of:
) ;
;
In Fig. S2 we show examples of parameter values where the emergence of a strain specialized on galactitol can rise in frequency. Dynamics of frequency change of the gat+ strain, which constitutively expresses the gat operon and thus is assumed to only consume galactitol, when invading a resident population of gat+ clones, which can consume both galactitol and the other resource. Model parameters are as follows: S R =0.02; S G =0.002; a=d=0.042; Gmc= 2x10 -5 ; q Gc =10 -3 ; Rmp=2x10 -2 ; Gmp = 2x10 -4 ; q Gp = 10 -4 ; and q Rp as indicated.
Fig. S3.
Temporal dynamics for the density of gat-positive (left) and gat-negative (right) bacteria for mice whose diet was supplemented with different galactitol concentrations. Colors correspond to those in Fig. 3d : blue -no galactitol supplementation; yellow -0.01% galactitol; red -0.1% galactitol (galactitol was diluted in the mice drinking water). Different symbols correspond to different mice.
Fig. S4.
Full legend for Fig. 4a .
Fig. S5.
Linear discriminant analysis score (LDA) of 97% OTUs enriched for either cluster I (red) or cluster II (blue), as inferred using LefSe. OTUs are coloured according to their phylum: Actinobacteria (grey), Bacteroidetes (orange), Deferribacteres (blue), Firmicutes (green) and Proteobacteria (purple).
Fig. S6.
Alpha diversity is higher in cluster I than in cluster II, across multiple indices. chao1 -chao1 richness estimator; observed_otus -number of distinct OTUs; PD_wholeTree -Faith's phylogenetic diversity; shannon -Shannon entropy; simpson -Simpson index; simpson_e -Simpson's evenness. Significant differences between the two clusters (p<0.05, determined from linear mixed effects models) are detected for all indices except Simpson's evenness. Table S1 . Genetic and phenotypic (in bold) polymorphism in two evolved populations. Mutations were detected by whole genome sequencing of samples of each population at different time points (shown in red) or by target sequencing (shown in black). In addition the frequency of the gat-rev phenotype in each of the fluorescence backgrounds was estimated by plating in selective media (shown in bold). The full data is graphically represented in Fig. 2 
